ABSTRACT
INTRODUCTİON
Food Intolerance (FI) is a reaction against food, but not immunological manner, and may be confused with real food allergies [ 1 ] . FI is a delayed detrimental reaction.
Although any food, beverage, food additive or compound found in food creates symptoms in one or more organs and systems, it is not possible to mention actual food allergy. In case of actual food allergy, gamma immunoglobulin E (IgE) antibodies ingenerate against food; however, IgE antibodies do not arise in FI. The incidence of food intolerance is higher than the incidence of food allergy. Studies have suggested that the gamma immunoglobulin G (IgG) antibodies arising in case of food allergy have a role in obesity [ 2 ] . Specific IgG antibodies play an important role to maintain immunological tolerance against food antigens [ 3 ] . It is a known fact that chronic inflammation is the biggest threat to human health. Identification of IgG is generally considered as the only and best way for treatment of chronic diseases. Identification of food specific IgG may show up as the only option for determination of the food causing inflammation particularly in case of chronic inflammation induced by food. In recent publications, the significance of IgG as indicator has been emphasized and considerable improvements have been achieved related to the nutrition therapy including elimination of the food causing intolerance [4] [5] [6] [7] . All around the world, elimination diets have been performed and chronic inflammation symptoms have improved ˃80% or totally eliminated in more than 300.000 people for whom IgG was employed as an indicator [ 8 ] . Food intolerance has been found to be associated with the following chronic inflammatory diseases: chronic headache, excessive body weight gain, excessive body weight loss, skin problems, autoimmune diseases, fibromyalgia, migraine, stomach and irritable bowel syndrome (IBS), such as gastrointestinal disorders, absorption disorders, rheumatic disorders, shortness of breath, asthma, depression, irritability, type II diabetes, hypertension, metabolic syndrome, hypothyroidism, chronic rhinitis, eczema, acne, swollen eyelids, urinary disorders, Crohn's disease, and cardiac and circulatory problems [9] [10] [11] [12] [13] [14] [15] . The aforementioned disease entities/ models are of variable importance for the affected individuals, the public health system [ 16 ] . In a study, food antigens, C-reactive protein (CRP) and carotid intima-media thickness were evaluated to investigate the correlation between IgG antibodies, food antigens, early atherosclerotic lesions and inflammation in obese children and normal-weight children, and it was found that high CRP, high anti-food IgG antibody concentration and increased intima-media thickness were highly significant in obese children as compared to normal-weight children. The study indicated that obese children have significantly higher IgG antibody values directed against food antigens than normal-weight children. It has been proven that anti-food IgG antibodies are tightly associated with low grade systemic inflammation and with the IMT of the common carotid arteries. Those findings have raised the possibility that anti-food IgG is pathogenetically involved in the development of obesity and atherosclerosis [ 17 ] . Elimination diets are frequently used in food intolerance or allergy, or gastrointestinal disorders and can also set the implementation of lifestyle changes needed to reduce chronic inflammation [ 18 ] . In case of food intolerance, after elimination of the food causing intolerance the symptoms may decrease and the person may not show any reaction against that specific food months or even one year after elimination. Nevertheless, it should be always kept in mind that the reaction to that food may occur at any time. If the person continues consuming the intoleranceproducing food every day, intolerance may occur again even in a month. Viral infections may lead to re-development of food intolerance. Sometimes, the reactions induced by FI may immediately disappear through elimination of the food that leads to intolerance, and may not appear again even when the patient starts back her/his normal diet which is more common in children. In general, long term elimination of the intolerance producing food makes the person feel better [ 7 ] . The role of FI identification and determination of appropriate elimination diet in improvement of chronic diseases is still a field of research [ 19 ] .
The present study aimed to analyze the effects of elimination diet supported with a personal weight-loss diet program on body composition and biochemical parameters of overweight and obese people, who were diagnosed with food intolerance.
MATERİALS and METHODS

Study Group
The study involved people that were followed-up and treated with the diagnosis of food intolerance at special office of the YorkTest Turkey Laboratory between February, 2010 and March, 2011. The study was initiated with 50 people with a BMI >30 kg/ m 2 . Fifteen patients dropped out the study at the end of the first 15 days as they could not carry out the personal weight-loss diet that they should be received along with the elimination diet. Additionally, 10 people and then 11 people gave over the study at the 5 th week and at the 7 th week, respectively. As the number of the people dropping the study out was high, 6 overweight people, who were willing to participate (BMI: 26-29 kg/ m 2 ) were also enrolled in the study. Ultimately, the study group was composed of 20 patients (15 women and 5 men) with a BMI >26 kg/m 2 .
Employed Analysis Methods
Anthropometric Measurements
The overweight and obese people diagnosed with food intolerance had their body weight, body composition, (percentages of fat, muscle and water) and body mass index measured with the Tanita BC-418 MA Body Composition Analyzer at 15-days intervals during 3 months while they were with light clothes and without shoes, and the obtained values were recorded in the follow-up form. Height of the patients was measured when the feed were abreast and head was in the Frankort plane (orbitale-tragion horizontal line), and the obtained values were recorded in the follow-up form [ 20 ] .
Detection of Food Intolerance
Lancet was used to collect blood samples from the fingertips of each participant, and the samples were sent out to England. The blood samples were analyzed at the YorkTest Laboratories in England using the ELISA method. As a result of the analyses, reactions of the participants were identified for each food. The foods that the participants showed reactions were scaled in the result report between +1 (the lowest reaction) and +4 (the highest reaction), and the reports were mailed to participants via e-mail.
Diet
Besides elimination of the intolerance producing food shown in Table 1 from the diets of each female and male participant, each patient followed a personal weightloss diet program determined in accordance with their height, body weight, physical activity, dietary habits, socio-economic status and cultural conditions. Anthropometric measurements were performed at every interview during three 
Determination of Food Consumption Frequency
The "adult semiquantitative food frequency questionnaire" developed specifically for PURE (Prospective Urban Rural Epidemiological Study)-Turkey with proven validity and reliability was applied for the overweight and obese participants for two times-at the beginning of the study and at the end of the personal weight-loss diet programs conducted along with elimination diet, and the obtained data was recorded in the questionnaire form [ 21 ] . The findings of the questionnaires were evaluated using the Nutrition Information System in order to calculate energy, water, protein, fat, carbohydrate, fiber, minerals, alcohol, vitamin A, vitamin D, vitamin E, vitamin K, vitamin B1, vitamin B2, niacin, pantatonik acid, vitamin B6, biotin, folic acid, vitamin B12, vitamin C, sodium, potassium, calcium, magnesium, phosphorus, iron, zinc, iodine, glucose, fructose, galactose, monosaccharides, sucrose, maltose, lactose, disaccharides, starch, polysaccharides, isoleucine, leucine, lysine, methionine, cysteine, phenylalanine, tyrosine, threonine, tryptophan, valine, arginine, histidine, butyric acid, saturated fatty acids, monounsaturated fatty acids, polyunsaturated fatty acids, and cholesterol, and the results were compared with the results obtained after completion of the elimination diet combined with a personal weight-loss diet program.
Biochemical Parameters
The biochemical parameters in the blood samples collected from the overweight and obese people with food intolerance both before and after the elimination diet plus personal weight-loss diet were measured at a private laboratory (Biruni Laboratory, Istanbul), and the biochemical parameters including blood glucose (BG), HbA1c, fasting insulin, Homeostasis Model Assessment of Insulin Resistance (HOMA-IR), total cholesterol (TC), low density lipoprotein (LDL)-cholesterol (LDL-C), high density lipoprotein (HDL)-cholesterol (HDL-C), triglycerides (TG), aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT), thyroid stimulating hormone (TSH), free thyroxine (F-T4), free triiodothyronine (F-T3), calcium, hemoglobin (Hgb) and hematocrit (Hct) were obtained. Energy and nutrient values of the foods consumed by the participants were compared using the data obtained from the Nutrition Frequency Questionnaires applied before and after the diets. İnsulin resistance was estimated using the homeostasis model assessment for insulin resistance (HOMA-IR) [ 22 ] : HOMA-IR index = (fasting insulin (mU/L) × fasting glucose (mmol/L)/22.5. Plasma TC, LDL cholesterol, HDL, TGs, fasting glucose, calsium and GGT, ALT, AST were measured with a Dimension EXL with LM Integrated Chemistry System Analyzer (Siemens, Newark, Delaware) [ 23 ] . Values for LDL cholesterol were estimated according to the formula of Friedewald et al [ 24 ] . The intra-assay and interassay coefficients of variation were 1.3% and 0.8% for TC, 0.5% and 1% for TGs, 2.3% and 2.4% for HDL cholesterol, 1.5% and 1.6% and 1% for glucose, respectively. Measurement of HbA1c was done by cationexchange high-pressure liquid chromatography (HPLC) on a D-10 system (Biruni Laboratory, Istanbul) using reagents according to the manufacturer's instructions. This method quantifies HbA1c, which is defined as Hb A with glucose attached to the N-terminal valine beta chain, as a percentage of HbA1c: (HbA1c area/ total HbA area of the chromatogram)*100. When HbS, HbC, or 'Variant-Window' was detected in a sample on HPLC D-10, a 'corrected HbA1c value' was automatically obtained by exclusion of the area of the variant from the total area of the chromatogram. Correction is necessary because retention times of glycated HbS and glycated HbC are similar to that of the major HbA fraction on the chromatogram, so these fractions coelute with HbA [ 25 ] . Hemoglobin and Hematocrit were measured [ 26, 27 ] . Free thyroxine (F-T4), free triiodothyronine (F-T3), and thyroid stimulating hormone (TSH) and insulin were measured on cobas e 601 module (Electrochemiluminescence Technology, Roche Diagnostics), while the remaining analytes on cobas c 501 clinical chemistry module (Photometric Technology), according to the instructions of the manufacturer. TSH was considered normal if it was between 0.4 and 4.0 mIU/L [ 28 ] . The reference intervals for FT3 and FT4 were 2.70-5.20 pg/mL and 0.80-1.90 ng/dL, respectively These biochemical parameters are routine tests for the patients that are followed-up and treated at the YorkTest Turkey Laboratory. These tests were analyzed at a private laboratory (Biruni Laboratory, Istanbul) and financed by the participants.
Statistical Method
The Windows SPSS 17.0 Statistics Package Program was employed for statistical analysis of study data. ANOVA test was used for repeated measurements (body composition measurements). The Chi-square and Paired T tests were used for evaluation of data. The P value calculated in the analyses was compared using the 0.05 type 1 error. p <0.05 was considered statistically significant.
RESULTS
According to the results of the food intolerance tests, the participants showed highest sensitivity to yeast, egg white and yolk, cranberry, cow's milk, chicken, lentils and parsley. It was identified that there was statistically significant improvement in the anthropometric measurements and biochemical parameters after the elimination diet combined with personal weight-loss diet. As shown in Table 2 , men were detected to be sensitive to vegetables such as rye, corn, millet, beef, turkey meat, salmon / trout fish, peas, string beans, carrots, potatoes, spinach, celery, cabbage; fruits such as and peach, lime, pineapple, currants and nuts, seeds, cola nuts, tea and chillies while sensitivity of women to these nutrients was only 6.7%-26%. While cranberry sensitivity was 60% among men, women did not show sensitivity to cranberry; this difference was considered statistically significant (p<0.01). Similarly, men's sensitivity to sesame seeds was 40% and women did not show sensitivity to sesame; thus, there was a significant difference between males and females regarding sesame sensitivity (p<0.05). Yeast was the nutrient that both sexes showed the highest sensitivity which was 86.7% in females and 100% in males. While gluten and wheat sensitivity was 13.3% among women, wheat sensitivity was 20% and gluten sensitivity was 40% among men. Sensitivity to egg white and cow's milk was 33.3% among women, it was 60% and 40% among men, respectively. Additonally, men were 40% sensitive to foods of animal origin like chicken and fowl, but women were found to be less sensitive to such foods. When sensitivity to plant-derived foods including lentils and soy bean was evaluated, sensitivity to lentils was 13.3% among women while 40% among men; and sensitivity to soy bean was 26.7% and 20% for women and men, respectively. Men were identified to be more sensitive to nutrients, such as paper, parsley, and mint. The changes in the body weight (kg), BMI (kg/m 2 ), fat (kg), muscle (kg) levels of women were statistically significant (p<0.05). It has been specified in Table 3 As indicated in Table 4 , there was a statistically significant difference between levels of energy, water, protein, protein%, oil, carbohydrate, fiber, glucose, fructose, galactose, monosaccharides, sucrose, maltose, lactose, disaccharides, starch, polysaccharides, isoleucine, leucine, lysine, methionine, cysteine, phenylalanine, tyrosine, threonine, tryptophan, valine, arginine, histidine, butyric acid, saturated fatty acid, MUFA, PUFA, cholesterol consumed by women after the elimination diet as compared to the levels consumed before the diet (p<0.01). Similarly, the changes in consumption levels of energy, water, protein%, oil, carbohydrate, glucose, fructose, galactose, monosaccharides, sucrose, disaccharides, starch, polysaccharides, isoleucine, leucine, methionine, cysteine, phenylalanine, tyrosine, threonine, tryptophan, valine, arginine, histidine, saturated fatty acids, MUFA, PUFA, and cholesterol by men after elimination diet were found statistically significant (p<0.01). When the biochemical parameters obtained before and after the elimination diet were compared, the decrease in glucose, HbA1c, insulin, HOMA-IR, total cholesterol, LDL cholesterol, triglycerides, AST, GGT and ALT levels of women after the diet was found statistically significant as shown in Table 5 (p<0.01). Also, hemoglobin levels of women showed a statistically significantly increase after the diet in comparison with the levels obtained before the diet (p<0.01).
Braz. Arch. Biol. Technol. v.61: e18160773 2018 Like the case of women, the decrease in glucose, HbA1c, insulin, HOMA-IR, total cholesterol, LDL cholesterol, triglycerides, AST, GGT and ALT levels of men after the diet was found statistically significant (p<0.05). The Hct % level of men showed a statistically significant increase after the diet when compared with the levels before the diet (p<0.05).
DISCUSSION
Lactose intolerance occurs in one person out of every 3 in Turkey [ 29 ] . The results of this study seem to support that finding [ 30 ] . In a study conducted on patients with rheumatoid arthritis, 27% of the patients were identified to have intolerence to various foods, particularly cow's milk, meat and wheat gluten. The reason why males were observed to be more intolerant to the foods of animal origin than females may correlate with the consumption frequency and volume of these foods [ 31 ] . Soy sensitivity is quite common in children and adults in the USA. In this study, soy bean sensitivity was found higher in women with a rate of 26.7% than in men (20%). The higher rate of soy sensitivity in women may be associated with the fact that women consume more soy products, because as the immune system is under soy bombardment due to excessive consumption, the person may become sensitive to soy products [ 32 ] . Yeast intolerance is present in 80 million people in the United States with higher incidence in women (70%) [ 32 ] . In our study, conversely, all male participants (100%) showed sensitivity to yeast. We are aware that as the size of study group is small, we can not generalize these findings to whole Turkish population, and we wish to specify that there should be further larger studies on the issue. Yeasts are one-celled organisms that live on the foods with simple carbonhydrate such as sugar, bread, biscuits and cake along with fermented foods such as alcohol and vinegar. Overuse of antibiotics and changes in diet are the main reasons of yeast intolerance [ 32, 33 ] . In our study group, yeast was the nutrient that both sexes showed the highest sensitivity which was 86.7% in females and 100% in males. As noted above, we believe that the unconscious use of antibiotics is a major reason for widespread yeast sensitivity in Turkish population. Moreover, considering that as dietary habit is a significant risk factor for yeast sensitivity, we may correlate this difference with the nature of Turkish diet which mainly bases on grain and excessive consumption of fermented foods and sugar. In a study, 84% and 83% of the patients showed highes intolerance to prossessed cheese and yeast, respectively [ 34 ] .
Clinicians and researchers indicated in the last 60 years that tissue insulin resistance may play a role in development of chronic diseases. Metabolic syndrome characterized by excessive accumulation of abdominal fat, high triglycerides, low HDL and hypertension is defined as a "cardiovascular risk factors beam" of metabolic origin accompanied with increased risk for type II diabetes and cardiovascular disease. Accordingly, diseases related to insulin resistance are a major health problem in Western societies [35] [36] [37] [38] [39] . Identification of food specific IgG has been emphasized as a significant factor in chronic inflammatory diseases, recently. IgG is also claimed to play a role in development of obesity [ 40, 41 ] . In a previous study carried out to analyze the correlation between early aterosclerotic lesions in obese and normal-weight children, good antigens, C-reactive protein (CRP) and carotid artery intima media thickness (IMT) were measured and IgG antibodies were evaluated. The results of that study proved that obese children had signifiantly higher anti-food IgG antibodies as compared to normal-weight children. It was also revelaed that anti-food IgG antibodies are significantly correlated with low degree systemic inflammation and carotid artery intima media thickness. These findings have increased the possibiliy that IgG antibodies play a role in development of pathogenetic obesity and aterosclerosis [ 42 ] . According to comparison of the biochemical findings obtained before and after the elimination diet combined with personal weight-loss diet, there was an improvement in biochemical findings in general and the decrease of blood glucose, HbA1C, insulin, HOMA-IR, total cholesterol, LDL cholesterol, trigliserides, AST, GGT and ALT levels was statistically significant. Likewise, there was an imrovement in biochemical findings in general and the decrease of blood glucose, HbA1C, insulin, HOMA-IR, total cholesterol, LDL cholesterol, trigliserides, AST, GGT and ALT levels after the elimination diet combined with personal weight-loss diet was statistically significant. It is concievable that the decrease in the biochemical parameters may be associated with weight loss and improvement of anti-food IgG antibody concentration as a result of elimination of intolerance-inducing food from the diet. Additionally, we think that decrease in body fat and improvement in biochemical parameters may have resulted from implementation of personal weighloss diet together with elimination diet. In still another study, researchers investigated the effect of anti-food IgG antibodies in obesity and revelated that intestinal microflora, infection, obesity and anti-food IgG antibodies may be correlated. There is another study revealing similar results [ 43, 44, 45 ] . However, there is a study, in which no correlation was found between anti-food IgG antibodies and obesity [ 46 ] . Recent publications present examples of that elimination diet therapy using anti-food IgG as an indicator may be helpful for treatment of related diseases [ 4 -7 ] . All around the world, elimination diets have been performed and chronic inflammation symptoms were improved ˃80% or totally eliminated in more than 300.000 people for whom IgG was employed as an indicator [ 8 ] . There is a study, in which elimination diet was applied for children with constipation that did not respond to laxative therapy, and thus, all children, who participated in the research, were treated successfully and their bowel functions returned to normal. There are also other studies reporting successful results with elimination diet for people with constipation [47] [48] [49] .
As a result of the evaluation of the pre-diet and post-diet consumption frequency results of the women and men receiving elimination diet combined with personal weight-loss diet program for 3 months, we belive that the decrease in daily energy intake (from 3428 kcal to 1206 kcal; from 6179 kcal to 1613 kcal, respectively) and in body fat ratio may be associated with the improvement of biochemical parameters. In our study group, while the muscle and water percentage of the body were kept at the same level, weight and body fat of overweight and obese participants decreased significantly at the end of the elimination diet combined with a personal weight-loss diet program for three months. We have encountered a study in the literature in which participants lost weight as eliminating the intolerance-producing foods from their diet for 3 months elimination diet like in our study [ 32 ] . In case of elimination diet plus personal weight-loss diets for treatment of obesity, energy intake should be kept above 1200 kcal for women and 1600-1700 kcal for men; energy drived from fat should not be very high and from carbohydrate should not be very low; and proteins should be kept at recommended levels.
CONCLUSION
The results of this study suggest that food elimination based on IgG antibodies may be effective in reducing weight. Due to the positive changes in body composition and biochemical parameters of overweight and obese people achieved with elimination diet combined with personal weight-loss diet programs, we consider such a diet as a potential treatment option for medical nutrition therapy of obesity. Substitution of nutritionally important foods and professional guidance are necessary for the successful treatment of food intolerance and is worthy of further clinical research.
